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ABSTRACT 


This docunent provides steady-state, total-dose radiation test data, in 
graphic forsiat, for use by electronic designers and other personnel using 
seniconductor devices in a radiation environnent. The data were generated by 
JPL for various NASA space prograns. The document is in two volumes. Volume I 
provides data on diodes, bipolar transistors, field effect transistors, and 
miscellaneous semiconductor types. Volume II provides data on integrated 
circuits. 
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SECTIOji I 


INTRODUCTION 


The data presented in Volumes I and II of this report describe Che results 
of Total Ionizing Dose (TID) tests of semiconductor devices (Volume I) and 
integrated circuits (Volume II). The data were obtained by the Jet Propul- 
sion Laboratory (JPL)| under contract to NASA, in order to assure the "hard- 
ness" (radiation resistance) of components to be used in the Jupiter radiation 
environment. However, the data is applicable to any ionizing radiation 
environment. Two primary radiation sources were used: a Cobalt-60 gamma ray 

source and a Dynamitron capable of delivering 2,5 HeV electrons at a steady 
rate. The Cobalt- jO source was used vdien it was determined that bulk 
radiation damage was negligible (NPN transistors, FETs) or when the electron 
source was incapable of netrating the package (power transistors).! The 
Dynamitron was used for PNP transistors and ICs, Irradiations of complex ICs 
were subcontracted to the Boeing Radiation Effects Lab (BREL), Seattle, 
Washington, where Che necessary computerized test equipment was available. 

The work at BREL was subject Co specifications and procedures under the 
direction of JPL. 

In Volume I, the data are presented in a graphic format for various 
operating conditions as a function of dose. Some measure of the statistical 
variations of each device lot is provided by the tabulated standard deviations 
and statement of sample size. Irradiations of two or more different lots of a 
given device type are treated as entirely separate tests. 

In Volume II, the information on some of the integrated circuits is 
presented in tabular format. For more complex LSI devices, the data are given 
in a narrative form, which gives proper emphasis to the radiation-induced 
changes in the measured parameters. 

!a program has recently been initiated at JPL to compare the response of 
power transistors with GobalC-60 and electron irradiation wliere the 
transistors have been packaged in a TO-5 can. A report will be published in 
late 1981. 


data taken here aubstantially acet the specifications of MIL-STD-883B, 
■ethod 1019.1 (August 1977) for environaients where ehort-tens annealing ia not 
• relevant problea. Electrical paraoeter aeasureaents were usually taken 
withxn 20 ainutes of the coapletion of an irradiation, for three or «>re radi- 
ation levels, at rooa teaperature, with a sustained worst-case bias during 
irradiation for JPL's systems applications. 
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SECTION II 


DOCUMENT USES AND LIMITATIONS 


The purpose of this report is to provide a targe amount of test data for 
semiconductor devices exposed to a steady-state TID irradiation. As such, it 
offers a useful comparison of the radiation response of different devices that 
might be considered in the development (circuit design) of a radiation-hardened 
system. It also offers a quick method for assisting an engineer to determine 
the weak links in an existing system and the maximum radiation tolerance of the 
system as a whole. 

The data presented here cannot, in any way, be used as a substitute for a 
comprehensive testing program of the devices actually used in a given system. 

It will be clear, on inspecting the data herein, that there are large lot-to- 
iot or wafer-tQ-wafer variations in the response of samples of a given device 
type. The difference in response from functionally identical devices fabri- 
cated by different manufacturers is, of course, much greater. There was no 
attempt to remove maverick (outlier) devices from the data plots. Thus, some 
of the data plots may appear anomalous when compared to other plots for that 
same device type. Finally, there is always the likelihood that a given 
manufacturer will make a minor adjustment in his processing procedures that 
will result in a major difference in the device's response to radiation. 
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SECTION III 


GENERIC DEVICE TYPE INFORMATION 


aone generalized connenfca ^ . 

provided in the following .ub.ectiona Vd ^ 

^-cuu.uo„ „.e. u :»v.r;:LiL:"r.r 

P.r..et.„ t„, eUctricl 

tf’e graphs. A detail • • YPe is given on the ordinate oi 

Appendix B. «»Ptron of these parameters is provided in 


A. DIODES 


Radiation tests of diode-^ have been very Limit.A f 
bec.„.e o, eh. i„he«„e r,.i.eeo„ h,r.„„. J hT o . 

ol 3000 Gy(si) (I Cray (Oy) . a r «>r.h-c.,e doae leva 

high-precision -ppiication, or for hi^r L'lUr' 

‘PPgP (order, of nagnitndel increases i„ the 1 e 

creases rn the ieakage correct can be expected 


B. bipolar TRANSISTORS 


radiation level, and h ''i,’ theTni^^*/' 

ip the assumption that^the radiation' behaJlIrcanT*'”' 

well-known formula; " ® approximated by the 


as 


^(i/hpg) a 


where <{, is the dose (or fluence) and K is „ 

device and on the collector current, I . constant that depends on t 

c 
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C. FIELD EFFECT TRANSISTORS (FETs) 

FETt are not affertod bjr bulk damage aince they are Majority carrier 
device*. Hencei »oat laeaaurenents were taken following Cobalt-60 irradiation. 
The key paraaeters plotted aa a function of doae include ^055’ ^GS’ 

trana conductance, noiae voltage, and Ip (off). (See Appendix B.) 

D. SILICON -CONTROLLED RECTIFIERS (SCRa) 

Becauae of the limited use, the SCR type of device was tested to limited 
special requirements. 

E. OPTICAL DEVICES 

The optical devices consist of light-emitting diodes, phototransistors, 
and optical isolators. 


SECTIOM IV 


RADIATION SOURCES AND DOSIMETRY 


A. DYNAMITRON 

The Dynainitron accelerators at JPL and BREL provide a 2.3-MeV beam with a 
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range of beam currents of 10 to 10 electrons/cro /sec. All tests described 
here were irradiated at each level at expoiure times between 5 and 45 minutes. 

The parts test geometry for the two Dynaroitrons is essentially the same. 
The electron beam is brought out of the beam tube into air through a 0.05”rom 
titanium window, copper and aluminum scattering foils, and 0.9 m of air. Each 

of these materials scatters the electrons slightly so that the beam has a 

reasonable uniformity of less than 20 percent over the array of parts being 
tested, The array is confined within a 25-cm diameter circle perpendicular to 
the direction of the beam. At the center of the circle is the aperture of a 
vacuum Faraday cup, which is used to control Che flux and fluence of the elec-' 
cron beam. The beam is centered on the Faraday cup with a quadrupole magnet 
prior to the installation of Che test samples. The output from the Faraday 
cup is a current that is fed into a current integrator, which is calibrated 
daily with a calibrated current source. The integrator is set to shut off Che 

electron beam automatically when the desired fluence level is received by the 

Faraday cup. 


B. COBALT-60 SOURCES 

The Cobalt-60 gamma ray sources at JPL sfikd BREL were both useo. The 
gamma rays consisted primarily of 1.17 and 1.33 MeV photons witli a consistent 
spectrum of lower energy photons and secondary electrons* orising from scatter- 
ing and absorption. The gamna field was uniform within ±10 percent in the 
area where parts were exposed, Thermoluminescent dosimetry (TLD), consisting 
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of UthluB fluoride/Teflon microrods, vas used for uniformity checks. Cali- 
bration of the main source was performed with Landsverk ion chambers of ±2 per- 
cent accuracy, traceable to the National Bureau of Standards. Monthly dose 
rate computation, were performed to account for the decay of the Cobalt source. 
Exposure times with the Cobalt-60 sources were typically 5 to 20 minutes for 
h radiation level. Longer times (up to 4 hours) were required for high-dose 
applications since the maximum uniform dose rate available was 150 Gy/min. 


I 

H 
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SECTION V 


TEST SETUP AND PROCEDURES 


A. CENERAL REMARKS 

The test setup and procedures used here were developed in accord with the 
speci iications of MIL-STD-883B (August 1977), method 1019.1. All tests were 
done at 25°C ±3°C, using low noise power sources and instrumentation subject 
to periodic calibration. Some tests were performed in situ (without removing 
the test devices from the radiation area), whereas others required remote 
testing. In the latter event, a mobile bias fixture was used to maintain bias 
except during the brief measurement period. 

A detailed test plan was written for each test, which included part 
description, irradiation bias conditions, radiation levels, electrical 
parameters to be measured, and measurement conditions. The data were 
processed by hand and by computer, and the calculation of normal standard 
deviations was made after deletion of clejirly erroneous data. Such individual 
data can be retrieved if required by specifying the log number given with each 
plot to the Radiation Effects Group (Section 514) at JPL. 

B. TESTING WITH A MATRIX BOARD 


A matrix board switching system was built to be used as a master control 
panel. It was located outside of the irradiation area for all in situ tests. 
The board interfaces the devices under test (DUT) to the power Supplies and 
measurement equipment via a special 15-meter (50-foot), double-shielded cable 
(see Figure 1). A built-in potentiometer for each DUT can be used to control 
bias voltages and currents. The matrix board was designed with very high 
insulation resistance so that very low current measurements (10-50 pA) can be 
made. 



RADIATION SAFE 

testing aria 



RADIATION TEST GELE - 


Figure 1. Diagram of the Test Setup for in situ 
Testing With the Dynamitron 


C* TESTING WITHOUT A MATRIX BOARD 


For the remote (non in situ ) tests, the DUTs are removed from the site 
for approximately 20 minutes between each radiation level. A mobile bias 
(battery) is applied to the devices at all times except during parameter 
measurements. Remote measurements include tests at a Lorlxn impact iOO pulsed 
tester for some of the transistors and readings from a Tektronix 178/577 curve 
tracer for testing some operational amplifiers. Occasionally, custom test 
circuits are used in the test to simulate the device application. 


D. TESTING AT BREL 

A number of iCs were tested for JPL by BREL personnel. Complex LSI 
devices—* such as A/D converters, memories, and microprocessors— were 
irradiated with the BREL Dynamitron or Cobalt-60 sources and tested on a 
Tektronix 3260 computerised IC tester. Most of these tests were non in situ . 
The test programs were written by BREL to JPL's specifications. 








SECTION VI 


DATA PRESENTATION 


h, GRAPH NOMENCLATURE 


The data are presented in this section and in Volume II. A sample graph, 
explaining the nomenclature, is shown in Figure 2. Each of the electrical 
parameter data plots is represented by a single line per graph except for bi- 
polar transistor data, which use multiple lines to represent different collec- 
tor currents. A table at the bottom of each graph lists the test conditions 
when applicable and the normal standard deviations of each data point at each 
dose level. ^ 

The dose units are in Grays (Gy) where 1 Gray equals 100 rads. For 
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purposes of comparison, 10 3-MeV electrons/cm = 250,000 rads(Si) * 

2500 Gy(Si). 

Date codes usually indicate when the device was packaged. For example, 
7920 indicates the device was packaged in the twentieth week of 1979. If no 
date code is available, the Space may be used for other identifying numbers 
such as wafer number or lot number. 


The log-normal distribution actually provides a better fit to most radiation 
data than the normal distribution. Hence, caution should be exercised in 
estimating worst-case conditions based on the limited statistical data 
presented here. 
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Figui'e 2. Description of Graph Format 


B. DIODES 

Radiation tests of diodes have been very limited for space programs 
because of the inherent radiation hardness at the total worst-case dose levels 
[3 kGy(Si)] , Testing may be required for special high-precision appli- 
cations or for higher total-dose environments where very large (orders of 
magnitude) increases in the leakage current can be expected. 
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BIPOLAR TRANSISTORS 


Th« degradation in tranaiator gain plotted aa.^(l/h^ 2 ) ■ 

” ^^^FEo* ^FE^ *P*cifi*d radiation level, 

and h_ ie the initial value. Thia aubject waa diacua»ed in Section III, 
paragraph B. 

A Method of deteraining the final hpp, when init iai hpp and the poat* 
irradiation il^l/hpp) are knotm, ia ahoun in the following exaaple for a 
2N2222 device type at of 20 V at 3 kCy(Si)t 

1. Scale the value of aMl/hp^) froa the applicable graph for a 
2N2222 tranaiator at the atated conditiona. In thia exaaple, 
.;k(l/hFp) is deterained to be 0.008. 

2. Detvra^ne the ainiaxja apecified pre~ irradiation h^^ for thia 
device type. In thia exaaple, the initial apecified ainiaua h^^ 
ia 100. Then proceed aa followa: 


hpg( final) 


*^(l/h„J ♦ 


h„ (initial) 

rto 


h^g(final) • 


1 

0.008 ♦ 


- 55.6 


lOO 


Table 6-1 aay alao be uaed to deteraine the final hp^. Locate the poat- 
irradiation A(l/hpp) value in the left-hand coluan. Locate the initial 
hpp on the top row. Where the coluan and row interaect ia the final hp^. 

The data on leakage and aaturation currenta are plotted directly aa a 
function of doae. 
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MTO: SOO 5 OEWSCES Tt^T OPTt 6-»-d0 SOD 6 OCvICCS »’’ST 0 «Tt 4-?4 

Kr: JPL lOO (>6» CXTC COOC 6019 DCr: JPl LOG OAl OAU CODE «OC 












OtViCt TyPt: 2 n?8«0 **>** pOmCO tppnSISTOP 



ITIAL mean value ICB0(NA> » 2.41110 


















DEVICE type: 2H290T, P**> LOW POWER trpnSISTOR 
MF6: RPV 6 DEVICES TEST ORTE 7-8-80 

REF: JPL LOG 06S9B OPTE CODE 7737 




10^ 1.3 2 3 4 3 • • 10^ 1.3 3 3 4 3 • • lO' 

DOSE, Gy(Si) 2.5 MeV electrons 
A< 1/hrr) VS DOSE 


TR8LE OE NORHPl STHtCflPP DEVIRTIOWS 


CURVE Ic V(c 
(•R) («) 


B .1000 20.0 .0003 0009 .0019 .003B 

C .1000 .000 .0004 .0010 .0020 .0037 

0 1.000 .000 .0002 .0006 .0011 .0019 

E 1.000 20.0 .0002 .0000 .0010 .0018 

r 10.00 20.0 .0002 .0004 .0007 .0010 


DEVICE TVPE: 2N2900 P*8> LOW POWER TIWMSISTOR 
fCG: RRY 6 DEVICES TEST ORTE 7-8-60 
REE: JPL LOG 0609B DATE COOF 7737 


IIIM 


lO' 1.3 3 3 4 3 • • 10* 1.3 3 3 4 3 * 

DOSE. Gy(Sl) 2.5 MeV electrons 
A( l/hrc> VS DOSE 


table OE 

►43RME4 

. sTcecRRO deviations 

CURVE 

Ic 


DOSE. LllbOetSi 1 


(•Rl 

iwt 

.30 .73 1.30 3.00 

B 


20.0 

.0003 .0007 .0013 .0(^4 

C 


.300 

.0003 .0008 .0014 .0026 

0 


.VX) 

.0002 .0003 .0009 .0013 

E 

1.000 

20.0 

.0002 .0003 .0008 .0014 

E 

10.00 

20.0 

.0001 .0003 .0003 .0009 































.0012 


























20.0 . 000 ^ .0007 .0012 .0015 r 10.00 20.0 

















Device TvPt: 2N?W7 i_OH POWCR TBflNSISTOP OevtCC TvPC: 2*tf9(r7 P*4> lOK POCB TBPNSI'^TQB 

Ti* 4 Devices usT oBTe 2-1S-79 »»&: Ti« 4 Devices tesT ooTe 2-iv^ 

oer: JPL LOG 0297 DOTT cooe SLice 17 aer: jPL log 0295 DBTt cone Slice le 



0.00 





















IC£ TyP€. 2N2907 i>*t> lOw POwCB TOPnSISTOB 
; t|k 6 OCVICCS TtST 0 «tc 

: JPL log 0277 DPTC COOC SlICC 11 


JBiSSSSSiSssSn** ' 


IHMBaMHI 


■ i h 

' ° e S 

u a 


1.11 


(bN)09Jl NbJW 


O lO II 

. c 

• rsi ^ 


(bN)090I 


initial mean value ICB0<NA> s 2.76110 
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IN|TI<^ VOLLC X 1.76110' IWITK*. (Jt IC80«*<»» • l.?7*10’ 










INITIAL MEAN VALUE ICIOCNAl * 1.S7X10 











OCvICt TrPC; OU(^ ►#>N TPONSISTOR OCVICC TVPC: 2H?»» OLM. TonNSISTOR 

TU 4 DEVICES TtST D«Tt 2-16- T9 »TO: T|« 3 tKviCES TEST OBTC 2-lVTJ 

DE^: JPL log 0293 ORTC CODE SLICE IS REr : JPl lOG 0301 OPTE CODE SLIS V 



20. 0 .0010 .OOlS .0020 .0023 E I. 000 20.0 .0006 .0011 .0016 

20.0 .0004 .0006 .0006 .0009 F 10.00 20.0 .0003 .0000 .OOCP 



































OEViCt TVP€: 2H29X OUfiL TW*iSI«;T3P 
»*^G: Tlx 6 OEVICES TI.ST ORTt I* J*-79 

RCr: JPL LOC 0281 OATC CODE SLICE 18 


pSB 

■nSiBaBBinw 

E^SS^S 

BBHBBBHMB^B^^B^BHB^Bvl 

BBIBBHBHBfllBB 

■iHiiiiHiniiii 

mmm 

biibbhbBbbibb 

■ll■l■Bi■■lln 

■■■■■BABBIlil 

iMiaimiiMl 

p 

m 


TP0LE or 

NQRfWL STAtCRRO OCVIRTIONS 

CURVE I 

DOSE. lilloGylSIl 
.78 1.80 3.00 6.00 


.0219 .0125 .1686 l.|7| 


INITIH. rc«w VPLUE "aOiNOI s 8.92XI0‘* 













OEwICE Type; 2N292C OlM. TPflNSISTOR 
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ICON vnme ICBO(Nft> = IKITI«». HCfiN v<i.i£ ICBO(*«l * e.47»I0*‘ 














tNlTK^. ICBO'*«» s iNiTifiL K:on VPLJE ICaO'NfO * 1.4V10 














□evict TVPC; 2N2946 P»#> LOta OOuCB ’OONSISTOB OCViCt T»Pt: ?N?946 f>*4> lOH POMtO TIMN$|STaP 

•♦^6: TI» 9 Devices test dote JJ-3-T9 *TG: TI* 9 OCvICtS TEST QOTE 11-29- T9 

OEf: JPi. log OS53& DOTE COOC 77460 BCf : JPL LOG 0SS3B DOTE COOt 77460 



o 


10.00 


















































































































OevICC TvP€: PNP lOW POwCO TBPnSISTOR QEVlOi TVPC; 2N33V) f>**> L»< POMtP TBflNSlSTOB 



initial KflN VALUC IC80INAI s 7.62X10 























OCVICC 



INMIH. 'CAN VALUE ICBO<NA» = 4.84*10* INITIAL *«AN VALUE ICBOINAI 




























UtViCC T»Pt: *fN3m POWtP TOPhSIS’OB 
HF&: BCO 5 Ot»ICES test OB’^E S- 1 1-60 



iNlTICk. MEON ^JC. ICBOIM)! i t.03HO' 


















Qti/ICE Typt; ^3499 POwCB tbonsIS’^QB 



1. 000 20.0 .0011 .0016 .0027 

20.00 20.0 I .0006 .0010 .0014 









OtVlCC T»Pt; 3N3V)J *4>*i POmCB ’(MnSISTOB 
»TG: MOT 6 OEvlCtS TCST 0«TC 7-X-T9 

BCr : JPt. log U4J7 OPTE cot* 79/^ 




ICE Type: 2N3V)6 N >N 
: Gcc 3 Devices 





OOTC I0-I6-79 











20.0 





□CVICC TVPC: 2H3700 <«>N lOU POwCR tqamsISTOR OCvICC TvPC: ^HPOO ««>N lOU POUca tmnSISTOR 

MTO: T|K 4 DtWlCES TEST Dftft 2-16-7* WG: Til 5 OCViaS TCST WU >-2>-7* 



10.00 
















Device TVP€: IHTfOO LOW POWCB TPflNSISTQB OEvICe TVPC: 2W37Q0 LOW POwCO TpflNSISTOT 

rTG: Tl* 5 DEVICES TCST OftTC 11-3-76 WG; Tl» 4 OCvICCS TEST tSTTE ?-20-7» 



74 * 10 ' 
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IN|T 















( / 1 )V 


6100 






































o 


< ON >0631 Ne3M 




r 
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ICC 




















Device TvPt: 2N380b P*P LOW POKR TBPNSISTOB 
r«G: Til 6 CXVIceS TEST DOTE 0-21-80 

Btr: JPL LOG 0676 0«TE CODE 764^) 



10^ I.) ? 1 « s • • 10* i.s 2 1 < ) * e 10* 


DOSE. GytSI ) Co*® Gc«»>os 


6( Ithff) VS DOSE 


TR6LE or MOPMf^ 

STBNOnRO OevlATIONS 

Cv'»ve ic Vo, 

(■Al l«l 

1 DOSE. blloGylSI 1 

.7^ 1.50 3. CO 6.00 


.0002 .0003 .^3 .0005 
.0001 .0003 .0002 .0003 
.0001 .0002 .0001 .0002 
.0001 .0002 .0001 .0002 














TPflNSlSTOR 















OCVICC 














































DEVICE TYPE; 96SVI31 ►PN POWER TRflNSISTOR 
tPG: SOD 6 DEVICES TEST DRTE 6-2S-79 


REE: JPL LOG 0401 D«TE CODE NONE 



10* 1.3 } J 4 3 * • 10^ 1.3 2 J 4 3 • • 10* 


DOSE. Gy (SI) Co^ Gamwios 


*»( 1 /hrt) VS DOSE 


table OE normal 

. standard deviations 

ClRvE Ic Va 

1 At ( « > 

DOSE. lilloGy(Sl ) 

.76 1.50 3.M 6 00 



0240 .04M 
0009 .0021 
0011 .0013 


.0579 .0665 
.0025 .0027 
.0013 .0014 


N/ I 





DEVICE TYPE: 96SV131 »PN POWER TIUnSISTOR 
ICG: SOO 3 DEVICES TEST D«TE 1-31-79 

REE: JPL log 0292 DOTE CODE 7901 



DOSE. Gy(Sl) Co*® Go»*o» 


A( l/hrt> VS DOSE 


TRBlE OE NORNPl STRNORRO DEVIRTICX*; 


CURVE Ic 

1 Rl 

R .1000 
B 4.000 
C 10.00 


Va 

<»l 

20.0 

.500 

.500 


DOSE. hlloGylSIl 
.75 1.50 3.00 6.00 

.0294 .0247 .0179 .0093 
.0016 .CJ16 .0015 .0012 
.0007 .0006 .0009 .0006 













CE ’^»PE: »6SVI3J NPs P3KB 



. 2^5 9.«95 






Ct TvPt; 9ftS#l39 **>N t»3wtl 
SOO 5 DEVICES Tts 
JPL LOG 0664 DOTI 





















□CVICS TVPC: •^0^^I9 QOC tmmS'STOR OCVICC rttf: OifiO *«>N T(M»iSISTaB 

tCG: hot a OC<«ICCS TCST OOTC f*^&; HQT 4 OCvICCS TCST OBU 

ntr: JPl LtJG 0539B DBTE coot 7»40 ter: JPL log C»3« OBTt COOC 7940 












IC£ Tree. OutC ’PfirrSISTOP ICrICC Troc- >«^WS 3i>C f"*> ’OOmSISTOR 



«OOC* «00‘ t000 ‘ 09■^ 00*0» 

1000* 1000' 1000’ I OC^' OO'O* 

ttoo’ 0600' tjooc' or'e oo’oi 

1000* 1000' 1000* 001' OO'Oi 













r 






Hi V 



8 




> O u 

n* w 

























aivICt T»PC: SOTJKM POiCB t*WNSIS’0B OCvICC TyPC; SOT*XM POmCB TpbnSIST3B 















QCtflCC TvPtJ S0^3»4 P*^ POwCa TBANSIfTOR 

SOD 4 OEwiaS test OOTf 1-16-60 

Btr : JBl log 0S61 OBTC cOOf 7g^ 



.OlaOC'6 * <tA>030l 3m«4 nh:64 HjI 









OCVICC TvPC: SOTJV3 P*4> POmCR TMNStSTOR 

**■0- SflO 5 OCvtCCS test OftTt l?-13*7« OEwICC S0^5J23 pOmCB ’aflNSIS^aB 

‘ '^***~ dote code .*6: soo ^ OE«ICCS ^CST 0«’C 

I T"| I III II r~l I III II ... •-« 0S7J 0 ®Tt caol 7W« 















p 
8 i 


i 


8 8 


a 


it ^ 

if 8 


S i/> 

I 8 


s 5 

r> B 


8 


8 




> O u 

8 It Hf 


r- 


8 2 


</) 4\ » 
— • r~ 

w*» 


t 


g 


a ►- u 

w i/> ^ 

5 uj ^ 

p •- L- 


I £ 


^ > 
^ 8 


51 

51 S 

ye ^ 

- 8a* 

u> to 
o 


> O u 
8 > 8 
















.oiw 













D. rItLD irnCT TtAMSlSrORS (FET«) 

,ET. .r. no. .ffoCE b» bolE d—.o .inc. <h.y «. 

„„ ..E« «o...-in, Cob.U-*0 irr.4....on. 

device*. Hence, «oet ■eeeure«ent# werv . , , , V 

m EO, p....o..r. •• • ‘“''‘O” ’* «C88- 'ms- CS- 

......onducnc noU. voU.,.. .... <->««>• <»" 
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OCWICC TvPE; 2H33J1 P-ChBN TEf OtViCC TvPt: 2H3331 rCT 


















h-m 


InITIpl hcpn v«^uc lotorripp = 3.43*10*' Initih. t^on vPllC I0SS««o 













DEVICE TvP€: 2NJ331 P-CmSN TET DEVICE TvPt: 2N333I P-CMfiN PET 

>*■0: SIL 5 DEVICES TEST DOTE 5-2-79 MFG: SIL 5 DEVICES TEST D«TE 5-2-79 

REP: JPL LOG 0352 DATE CODE 7902 REP: JPL LOG 0352 DPTE CODE 7902 



initial mean value VP(VI = 5.66X10° initial mean V»».UE IGSINAI s 1.39X10 












INITIAL MCAN VALUE IDS(NA) * 1.0110 INITIAL MEAN VALUE lOSSIHAI « t.MIlO 

























OEVltt TvPt: 2N4330 N-CmPH rtf GCVICC TrPt; ^330 N-C*«N fCT 

»*G; Sli. 3 OCViCtS ^CST DOTE J? W&: SIL 3 OCylCCS TEST 0«TE 12-12-79 



INIT 1 <^ »CPN yOtUE 90S'0N»O<f * 1.13*10” INITI*^. «Cfi~ /OlUE vGSlOr^'lw * «.3lir]0 




















OdiSSOI NbJM TbIllNl S 3n»A TBlHNI 
























DCVICE TVPC: 2N4J41 rCT CXVIO: TyPC: 2N434I N-04JN fXT 

►*^0: SIL 3 OEvICCS TEST DOTE 12-U-1^ »^G; SIL J OCvICCS TEST OBTE 
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MtflK vulue ioiorr)x» s 3.63»io* initi<^ hean igssi»«i « i.<rmo' 









































































































IHITUL •*£**< v*LjE I5S51CS*» a 2.22*10® INITIAL HEAA VALUE 16SS2C*«AI * l.AC»10 












OCvICt T»PC: CX«L N-C*«N rCT OCVICC Tv*>€: 2NM9« Ol«L rCT 



INITIH. ntflK »<^lC IOSS-OOTIO 














2»rtl96 OUfiL S-Ch«N TET 

A Devices test dote 



I«L VOLUE GM-BOTIO « 9.«4»10 

























-C»«N rtT 
TEST DPTt 



6-131 


INITIAL NEAN value IDSS-BATIO * 9.99110 


























Device Typt: £X^ N-CMflN rCT Device Typt: ?WM96 DU«». •* C*«N rtT 



iNiTi;^ me* vnuue idssmpoi ^ i.o3xio*' initial *€»• v«Lut icss2<po> * e.iono 














£ T»Pt: OlPL **-C*«N rtT 

SIL % OEvtCCS TEST OnTC i-2i-90 

JPl LOG OSW» OBTC CODE 



























OCvICC TVPC: 2NM96 tXA. N-C»«N rCT aCvfCC T*PC: >A!«6 OLAL ftt 

^G: SIL 4 OCVICCS TCST OOU 3-14-60 fTG: $IL 4 OCvICCS TCS' OATC 3-I4-60 



«EPN V*^.UE ICSS|i(«> s 9.36«10* INIT1« v*^OC I6SW«P«I * 6.«^<I0 




































t Trot: 2«<M9« 0^>^L rCT OtvlC£ T /PC : 2M^I96 0u*»- •*-C»P*< rct 

SIL 4 OCvlUS TEST OPTt 3-14-aO SIL 4 OCVICCS TEST 0«TC J-14- 
















NlTIt^. net V*»LUi: 10SS«NP» 















INITIPl hcbk vGS«W» = 7.53*10*' INITIPl »C0N **^ut G»*-OOTIO * ».5^«10 

























































IOL VflLLC IGSS<N«I S e.W»10‘' initial VAuJC IDSS OOTIS 




























CODC 



lOL MEOK »«ISC<NV» = 6.VX10* INiTJft. V«^.v>r MOISC(MV) * ?.30l]0 

























































Du*^ N CmPN rtT 



.0916 .0926 .1069 














































10* 1.5 > s « 5 • • 10* i.s J j 4 5 • a 10* 

DOSE, Gy(Si) Co*° Goaimos 

«3»VGS(w0S=10V.I0=300Ufi) VS DOSE 










'• saicoH-coiiTKuzo .ecTimis (scu.i 


■>' >'>• H.it.d u.., th. , 

•P«ci.I rtquirMMti. "*• ‘’“’d to li,it,d 


6-155 











H2 .W3C 2413 D .0040 . 0.6? .0318 












Hi W i I... , 

2 2 

bM(aiOH)i Nb3w 

L 

f 


LJ J_J 
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I ( 

;:l 
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■*i 
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initial tON VOLUt HhOLD'NB 







OeviCEt 2N3032 
TYPE: SCR 


DEVICES TESTED: 6 


MANUrACTUREi: UTR 
DATE CODE: 7426 


TEST DATE: 11-13-78 
SOURCE: 2.5 MeV Electron* 
LOG NUMBER: 0242 


radiation bias conditions: Anode - 10 volte 

Cate ■ 1 kl2 to ground 
Cathode • 220 12 to ground 


RESULTS: Uorat-Case Paraaeter Values, V^ ■ 10 volt* 


Total Dose 

1 ‘c- 

1 PA 

1 (Mexiaua) 

f 

* 

pA 

(Maxiaua) 

GT' 

ma 

(Maxiaua) 

V 

SAT’ 

V 

(Maxiaua) 

1 ^HOLD’ 
aA 

j (Miniaua) 

Initial 

r 2 

j 1.0 X 10 

1.0 X 10^ 

18 

0.96 1 

1 

1 1 .15 

30C Gy(Si) 

1.1 X 10^ 

2.9 X 10^ 

20 

J 

0.96 

1.16 

750 Cy(Si) 

6 .5 X 10^ 

1.4 X 10^ 

27 

0.96 

1 

1 .16 

1500 Gy(Si) 

1 

3.2 X 10* 

9.5 X 10* j 

85 

0.94 

1.22 1 

3000 Gy (Si) , 

2.2 X 10® 

5.9 X 10^ ! 

558 

0.96 

1 1 


DEVICE! 2N6138 


DEVICES TESTED! 3 


TYPE! Prograaiabl* Unijunction 
Tranaiator (PUT) 

HANUPACTURER! UTR 

DATE CODE! Nona 


TEST DATE! 1 1- 14-78 
SOURCE! 2.5 MeV Elactrona 
LOG NIMBER! 022 5A 


RADIATION BIAS OONDITIONS! Anode • 30 ktl Co ground 

Cate ■ 10 kil Co 10 volCa 
Cathode ■ 510 11 Co ground 


RESULTS! WoraC-Caae Paraaeter Valuaa, V^ - 10 volt a 


I 

» 

1 

^ Total Does 

l>4 

(Maxiaua) 

pA 

(Haxiaua) 

— 

"a’ 

V 

(Haxiaua) 

'^sat' 

V 

(Maxiaua) 

*G‘ 

ma 

(Maxiaua) 

*H0LD’ 

ma I 

(Miniaua) 

Initial 

111 

<200 

10. 4o 

0.788 

1000 

! 

445 

1 

) 300 Cy(Si) 

I 

83 

<200 

10.44 

0.796 

999 

476 

1 750 Gy(Si) 

130 

<200 

10.47 

0.795 

999 

447 1 

1 

j 1500 Cy(Si) 

300 

<200 

10.78 

0.794 

999 

483 

' 3000 Cy(Si) 

^ 

850 

<200 

10.53 

0.795 

999 1 658 

^ ; 


*Noiae liaited Che reaolution of the I^ aeasureaent. 

I 


6-160 








DCVICEi 2N6138 


OeVICES TESTED! 3 


TYPE! Prograaiablt Unijunction 
Tranaittor (PUT) 

HANUPACTUEERt UTR 

DATE CODE! Nona 


TEST DATE! 11-14-78 
SOURCE! 2.3 HcV Elactrona 
LOG NIMBER: 0223S 


RADIATION BIAS CONDITIONS! 


Anode ■ open 
Gate “ open 
Cathode ■ ground 


RESULTS! Worat-Caae Paraneter Valuaa, ■ 10 volta 


Total Dose ' 

1 

*C» 

® ' 
pA 

(Haxiat'a) 

1 " 
pA 

1 (Haxiaua) i 

''a' 

V 

(Haxiaua) 

V 

SAT* 

V 

(Haxiaua) 

'c* 

pA 

(Haxiaua) 

1 

*HOLD* 

pA 

(Hiniaua) * 

* ■ ' 1 

1 Initial j 

1 63 

\ 

<200 

1 10.45 1 

1 j 

0.793 

999 

496 

1 

' 300 Cy(Si) 1 

1 1 

1 83 

1 

<200 

10.46 

0.799 

1 999 

531 1 

1 750 Cy(Si) 

125 j 

<200 

10.43 

0.793 

1 999 

497 

; 1300 Cy(Si) ! 

1 

1 130 

1 

<200 

10.46 

0.797 

997 

524 ! 

1 3000Cy(Si)j 130 

' 1 1 

<200 

10.47 

0.797 

999 

1 584 


I *Noiae livitad the resolution of the I. aeasureaent. 
I A 
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OCVlCBt 2N6I38 


Devices TesTBOt i 


TYRi Prograa«bl« Unijunction 
Tranaiator (PITT) 

HANUPACTUISIt UTI 


TtST DATEl 3-15-79 
SOUICet 1.9 5 HaV Caava 


DATE CODE I 7720 


LOG NlMBERt 0329A 


Radiation bias conditions t 


Anoda - 30 kW Co ground 
Cata ■ 10 volCa 
Cathoda ■ 20 W to ground 


RESULTS t Worst-Caaa Paraaatar Valuaa, V_ • 10 volt a 

G 


1 Total Doaa 

T 

*GA0’ 

nA 

(Haxiaua) 

*CKR» 

1 

nA 1 

(Maxiaua) 

V 

1 '^OOT' 

1 V 

(Haxiaua) 

j Initial 

0.18 

0.19 

8.8 1 

; 300 Cy(Si) 

0.23 

1 0*23 

8.8 j 

I 

1 750 Cy(Si) 

0.27 1 

0.27 i 

8.8 

! 1500 Cy(Si) 1 

0.30 

1 

0.30 1 

1 

P.8 ! 

3000 Cy(Si) I 

0.44 

1 

1.1 

8.8 1 

6000 Cy(Si) • 

t 

1.6 

1 

3600 

8.6 ' 


DCVlCCt 2N6138 

DEVICES TESTED! 3 

y 

TYPtt Protraaaabl* Unijunction 

TEST DATE! 3-15-79 

ll 

Tranaiator (PITT) 




SOURCE! 1.25 HaV Caaaa 

D 

MAN (1 PACT UlEli UTI 

LOG NUMBER! 0329B 


DATE COOBI 7720 



RADIATION BIAS CONDITIONS! 

AnoUa • 30 kU to ground 
Cat# ■ 20 kl2 to ground 

J 


Cathode ■ 20 W to ground 

1 

RESULTS! Worat'Caaa Paraaetcr Vaiuaa, V_ • 10 volt a 



Initial 


(Maxiaua) 


6000 Cy(Si) 


3 












OCVICC T»P1; C0MDO49L SIUC»« C»*T. OtCT OCvia T»l>ts C01l0O49t SILICON CO»T. BtCT 

Nr&z «(. 3 Devices 1€ST dote 12 1 7e *»&; OC^ 3 OCv'CtS TtST QBTC 12 1 





























OCvICt ’#*>€. COi;CK>«»t. SlLlCOi C»*T. OtCT. 



I**|T|tt •%(», V«^.ut |hOLD"*>* * l.dUJO 




P. OPTICAL DEVICES 

Th# optical davicaa conaiat of light-eaitting diodea, phototranaiatora, 
and optical iaolatora. 


F 
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COL COiPlEO 



VCK.IX IOl<moi r 9. 02*10 
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APPENDIX A 

VENDOR IDENTIFICATION CODE LIST 


A-1 


I 


VEMOOR lOEKTinCATIOM CODE 


AVA 

PAS 

cec 

HPA 

INL 

HOT 

OPT 

RAY 

RCA 


Avanr«ck, Inc. 

^•irchild Scicooductor 
Cenernl Elnctric Coapnny 
Hewlett-Packard Corporation 
Intarail, Inc. 

Motorola, Inc., Semiconductor Product. Divi.i, 
Optoelectronic, Inc. 

Heytheon Company 

RCA Corporation, Solid State Oivi.ion 


SET 

Semiech Corporation 

SIL 

Siliconix Oevice., Inc, 

SOD 

Solitron Device., Inc. 

TIX 

Texa. In.trumenta, Inc. 

TRW 

TRW, Inc., Semiconducto 

UTR 

Onitrode Corporation 





SEMIOONOUCTOt DEVICE ELECTIICAL PAIAMETEi 


SYMBOLS AMD ABBREVIATIONS 


CAP 

CM 


CMj/CMj 


Cy 

hpE 


CBO 

CEO 

CER 

p(off) 

DSS 

DSS /*DSS 
I 2 

CSS 

CSS /less 

1 2 

R 

NOISE 


Rjj(on) 


cs 

•^Ves 


Diod* capacitance 
Tranaconductanca (PET) 

Tranaconductanca ratio (PET) 

Cray (I Cy ■ 100 rada) 

CoBBon-aait tar atatic forward currant tranafer 
ratio (gain) 

Collector cutoff currant open aaittar 

Collector cutoff current (dc) baae open 

Collector cutoff currant (dc) 

Drain cutoff current (PET) 

Zaro-gate-vol rage drain current (PET) 

Zero- gate-vol cage drain current ratio (PET) 

Reverae gate current (PET) 

Reverae gate current ratio (PET) 

Reverae leakage current, diode 

Noiae voltage at apecified frequency (Hz) 

Drain-aource on-atate reaiatance (PET) 

Eait ter-col lector (on) reaiatance 

Eaitter-col lector (offaet) voltage 

Cate-aource voltage (PET) 

Radiation-induced change in gate-aource 
voltage (PET) 

Reference voltage, diode 


m I * c<M 


